for 2 hours [5] . In another study, the incidence of LBP was approximately doubled in workers who needed to stand in a restricted posture while performing their jobs when compared with those who were free to sit at work [6] .
In an investigation in which subjects without a history of low back injury or treatment for LBP were instructed to perform a task during prolonged standing, 41% presented with pain after 15 minutes, and this percentage increased to 71% after 45 minutes [7] .
To maintain normal standing posture, the muscles involved in trunk and pelvic stability must function normally. Movements made during a typical standing posture usually occur on the frontal plane, and the center of pressure on the medial-lateral plane is controlled to a large degree by the hip abductors and adductors [8] . The more the hip muscles on the right side are activated, the more the body weight shifts to the lower limb on the same side, and consequently, the weight load on the left lower limb decreases [9] . Muscle activation patterns differ between individuals with pain and those without pain while maintaining a standing posture. In individuals without pain, the right and left gluteus medius (GM) are activated in a reciprocal pattern, whereas the same muscles co-contract in those with pain [4] .
To reduce the occurrence of LBP during standing at work, use of standing aids designed to change foot position is recommended [10] . In a study that compared low back muscle activities during standing with one foot on a 20-cm-high platform with that during standing with two feet on the ground, lumbar flexion and low back muscle activity increased in the former posture [11] . Prolonged standing on a surface with a 16° slope reduced pain by 59.4% [12] , and standing on an elevated surface or a declining sloped surface was effective for lumbar spine flexion [13] . The occurrences of GM co-contraction and LBP were reduced when standing on a sloped surface when compared with standing on a flat surface [14] .
The benefits of mild flexion are suggested by the impact of standing aids on lumbar spine and pelvic posture using a sloped surface and elevating one leg on a platform [11] [12] [13] .
However, the focus of studies conducted to date was interventional approaches for postural changes in the standing posture, while few studies have investigated the effects of such interventions on the muscle activation pattern. Accordingly, the present study was conducted to examine lumbar spine posture and muscle activity in various standing postures with the use of standing aids and to identify the most desirable standing posture.
Ⅱ. Methods
Study subjects
The study subjects were 21 healthy adults (11 men and 12 women) who were fully informed of the study purposes and procedure and voluntarily consented to participate. Individuals unable to stand for at least 2 hours, those with a history of medical intervention for LBP, and those with a history of surgery in the lumbar spine or hip were excluded from the study. The mean age, height, and weight of the study subjects were 21.48±1.60 years, 167.19±7.92 ㎝, and 64.43±10.93 ㎏, respectively.
Measurement
Surface electromyography (BTS FREE EMG 300, BTS Bioengineering, Italy) was used to measure lumbar and hip muscle activities during standing. To minimize skin impedance, the regions to which electrodes would be applied were shaved and cleaned with alcohol. Next, two pairs of disposable surface EMG electrodes were attached to the left and right lumbar erector spinae (LES) and GM.
On the LES, electrodes were attached to regions 4 cm horizontally away from the L3 spinous process. On GM, the electrodes were attached to regions located approximately one third from the greater trochanter to the iliac crest. The sampling rate of the EMG signals was set to 1000 ㎐, and 20 to 400 ㎐ bandpass filters were used. and S1. The intervertebral joint angles of L1/L2 and L5/S1
were assessed by measuring the angle formed by the line parallel to the inferior end plate of L1 (or L5) and the line parallel to the superior end plate of L2 (or S1) (Fig. 1 ).
In the study, the following three standing postures were used while muscle activity and radiographic measurements were taken:
• Standing with two feet in parallel on a flat surface (ground)
• Standing with one foot on a platform (platform). The height of the platform was modulated so that the angle between the thigh and trunk would be 135° [16] (Fig. 2) .
• Standing on a sloped surface (sloped). The slope was at a 16° angle, and the subjects were standing on the downward slope [4] .
Statistical analyses
Experimental data were analyzed using PASW ver. 18.0. 
Ⅲ. Results
There were significant differences among the lumbar lordosis measured for the three different standing positions (p=.003) (Fig. 3) . The lumbar lordosis angle was more extended when standing on the ground than when standing with one foot on a platform (p=.013). There was a significant difference between the lumbosacral lordosis angle when standing on the ground than when standing on a platform (p=.002) (Fig. 4) . Additionally, significant differences were evident in the L1/L5 (p=.006) and L5/S1
(p=.004) intervertebral joint angles measured for the three different standing posture. There was also a significant difference between the L1/L5 intervertebral joint when standing on the ground and standing on a platform (p<.001). Finally, there was a significant difference between the L5/S1 intervertebral joint when standing on the ground and standing on a platform (p=.001) ( Table 1) ( Fig. 5) .
The right and left LES co-contraction value was significantly higher when standing on the ground than any other standing position (p<.001). The right and left gluteus medius co-contraction index was higher when standing on the ground than in any other standing position (p<.001) ( Table 2 ) (Fig. 6) . [17] . The lumbar spine angle measured with one foot on a platform was the closest to the neutral zone owing to the lumbar spine flexion. When the lumbar spine is in the neutral zone contact between facet joints, stretching of facet joint capsules, and impingement between the facet joint and spinous process is minimized, which tends prevents pain from occurring [18] . This is because the level of elastic strain is higher in the standing posture of individuals with a hyperlordotic spine than that of individuals with a hypolordotic spine, resulting in a greater moment load in the lumbar area [19] . No significant differences were found between standing on a sloped surface and standing on level ground, but lumbar spine flexion showed an increasing tendency in the former posture. Hip and trunk flexion occurred because the trunk, lumbar spine, and pelvis work together as a functional unit during standing on a sloped surface, but with relatively little change in the alignment of the lumbar spine [14] .
Contrary to the findings of the present study, the use of a sloped surface has been reported to increase the lumbar flexion angle and decrease the incidence of LBP by 59.4%.
In this study, we hypothesized that bilateral weight shifting during prolonged standing would prevent pain because the lumbar and hip muscles on the side from which weight load was shifted away were relaxed [20] . In a study that investigated the muscle activation pattern in individuals with LBP, increased muscle co-contraction was found to increase the load on the lumbar spine. Using standing aids reduced co-contraction of the LES and GM in comparison with standing on level ground [9] . A study conducted to investigate the relationship between asymmetry in the hip extensor and LBP based on the muscle strength of the hip extensor indicated that asymmetry in the muscles causes LBP [21, 22] . However, that study was based on muscle strength measurements and did not examine motor control or muscle activation patterns. Considering the results of a previous study that showed co-contraction of the LES and GM can be considered a motor control pattern that can predict the occurrence of LBP, a reduction of hip muscle co-contraction may have a positive outcome in individuals without LBP. In the present study, standing on a sloped surface did not change the angle of the lumbar spine flexion, but the level of GM co-contraction was low. It has been speculated that hip flexion during standing on a sloped surface stretches the posterior muscles, decreasing GM co-contraction by increasing passive force [4] .
The results of the present study suggest the importance of the use of standing aids to standing posture. The use of standing aids can modify the movement patterns of the lumbar spine by changing muscle co-contraction. To prevent LBP, a good standing posture in combination with the use of standing aids is also important. Increased 
V. Conclusion
This study demonstrated that standing with a foot on a platform induced lumbar lordosis, lumbosacral lordosis, and L5/S1 intervertebral joint flexion, but that there was no significant difference between standing on a sloped surface and standing on level ground. However, muscle co-contraction was reduced with the use of standing aids.
When using motor control patterns as a predictor of LBP, the use of standing aids would help workers during prolonged standing.
